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AGENDA

+ ENERGIA Background
* Launch Vehicle Summary
« Soviet Launcher Family

» ENERGIA Propulsion Characteristics

« ENERGIA Propulsion Characteristics
- Booster Propulsion
« Core Propulsion
» Growth Capability

’D Rockwell International

Rocketdyne Division

552



019
09EeE-6-P88O1

P 04‘

uinjal opewoine ‘uopejnuis
anasal § INOx2aYd Juswdinba ‘HiW yim bupjoop
‘uojieinp sAep [eJOASS JO pauuewun — L661 818 -

1yBi 1xeu uojun JAIA0S -

(yeem | — sadoasalal Aer-X B AN ‘K10leA1asqo
MS_Eo:o.:mﬁ 0661 Jowwns ‘elquIinjo) ‘GE-S1S ¢
UOJSSjW 181098) 0661 JOWUWING ‘SHUBNY ‘8E-S1S *

1By 1xau sajels palun ¢

0661 114dv vz ‘A1aA00siq ‘LE-SLS *

0661 Aseniqad gz ‘suelly ‘9e-Sis -
0661 Alenuep § ‘elquInjo) ‘ZE-S1S °
6861 19QWaAON ZzZ ‘A19A00siq ‘€E-S1S *
6861 4940100 81 ‘SHUBRY ‘YE-SLS *
6861 1snBny g ‘ejquinjo) ‘gZ-S1S *
6861 Ae\ v ‘shuepy ‘0€-S1S ¢

6861 YoIeW €I ‘Asaaodsig 62-81S
8861 19qWadeQ ¢ ‘snuepy ‘LZ-81S *

:enunuod suoljesado S1S SRS payun -
8861 Joqualdags 62 (A1ero0siq

‘gz-51G) uopesado 0} suinjal S1S sajelS pajiun se
8861 16qUISAON S| PaAalyoe bl jeniu) ueing -

suonesadQ S1S UolUN 1BIAOS pue Sajels pauun

AL PAGE IS
QUALITY

N
OF POOR

ORIGH

553



uoIsIAg auhplaxooy

[BuoReWIBU) om0y

{peeye-ob
0002 8961 8961 817 6861 0661 8861 oE | gg61 piy %Eﬁm
W tautg " eﬂm: WOu1-0] -Lrvey Wby ey WOudisny | wbhgisny | wBegisy | wBegiany LY
- - - SBeIeS 61 Jpoysqunyey

PRIPIOBY | 1oy suogeaioser] PPIOPO 81 Es.mv % | “oueg el Aayueany
- (rerueg) (ou) 00’9 (meueg) (i) (avd) _ (o)
000'02 A%.a %05, 00001 002’y 0052 i repony 039
- - - 00521 009's 00z's 061 - @
ssjsuel]-039
000°022-000'08 000'051- 000°001 000'sS 000°2y 000°ce 00e21 001°11 00S's omﬁv

sw o qnyg aunys yusy) guey) s..._r.no T Zuey) ssep

7

SEIRTTTEY

aune ‘s

564



[eUORRUIBIU] ([BMHI0Y 'A‘

UOISIAK] FUAPINOOH

JNI-039 $a1 008'y 01 00¢'Z Wouj Butbues y eueuly o VORI XIS,
{%0Z) AusuLien) 19 pue (%09) 9duel] Aq peyeuiop wyuosuod usedoiny ,

1961 fen 8964 AON (v 26) T I I T B v 5661 ssipn  |Euziioe)| Aoy
W43 159) 6UQ Wby 1814 zewezl 11804 o] [eaiA Wi IS | omp feniy whigisng | whidiwd | (wie) iz w4
- - — - 1eokg-2 eokiy? B8k - seakry reakrp wwnu&m.v_w

- - 008’y 000y 005 000y 01zt osL'L 008’y 08.2 iécm%

-~ - 0000 008’8 005's 000’6 00£2 0¥} 092'6 095 | oo

. — - - (euedsoRds - - @

00002 souseH) 002’9y o7

ssen

S9JOIYa/ youne] [euoieuwsdiu

L PFnT g

-

"

LRI BRI y
RIST L

6

5565



6% 000001 ueys 10w 03 ooy woy
$opnjaul mou jeuasie a)o1yaa yaunej 1aja08 oy}

uoIsiaQ eufplaxdoy

[euogewsa) lomydoy ﬂ‘

speojhed bujyoune) jo ejqedes sjuepea Jolew LL
‘eninys ueing oy jo uduney |nyssadans ayy yym -

siol0N

Awey Jsyoune ysgn

Wewdotersp o sebeys feuy ug
a1BWaxidyg
000°0¢ 000'501 +000'6k | 008's 000'y - 005°, 00’9 | p(Ox) un 0g o1 peoyhey
000°095'c 000085 000009 | 000'082 000'082 000'02y 000°02y 0001y e(0%) 1suy) yo-un
000°00€' 000'00€' 000'00r | 000'06} 000'081 000°01€ 000°01L¢ 00062 ul{B) whem yo-yn
VIS4IN3 Wz T vopfs) sowso) | ekjujo znfog ¥o)80) -
-POXYSOA
- N K —
- or: e . | - S 7 ]
: A o _ ﬂ- J =ewsg
- an _ _ h i ]
i
_ g J 0z
. ||
i I
o “ .. : - m_ln q m
- . L . Q'l -
=y L m r-1s . h-1s eas e
& o — 9-1s ®
=1 yn == [ |
Aneon) / Q M r-1s
09 (epinys) qit—18 9L-18 1 09
qil-1s
1
0g

566



ONREINIONS NMOUE

INAGT L

886L 3DNIS> LB6L 3DNISq G861 IONISe
(0SDI000°61 (08910052
(SPUeA/SIBWI000 8T (S19W1009'Y (DN} ALIDVdVD
{UoOWI000°ZE (snuspa}OQE'S | (OSSIOBE LL {0SSI0vE’L aAvo1Avd
10311000°0€ 10311000°501L (03 1009'0Z | (uoowlooL's | (0 NO¥L'EL | (0TVOPTL (0351008t | (03N0EL'Y | (0IN00O'Y — {03V05¢€°L IUNOLLVHILO
{5.086L) SIHINNV
! i t 6 z \v 18 z L [ st
E q . TVNANNY IOVHIAY
s LS €118 F4% 8IS Lo 9-1S €S w118 s 81 HOLIVNDISIA SN
NVHNS/VAIOBING VAIDUINI NO1OHd 1IN3Z INAOS VAINTOW WOLSOA _ NOTHASL - SOWSON JWVYN HSSN
T T
SWILIN T - _— SHILIN T
- VIS \ = 3wos |
| -l o - _
- 0z ) oz
¥ ,
/s _ _
zt v F4
~lor ov-{ o
3 3
? d )
F P
- LB 4
- 08 WGIQ SNOuoIYdUAS-ung : 0SS 09
¥QIQ (eonidiy3 SNoUsIYIUAS-IeS : O3S
Q10 Aleuoneis-00y :OSO
- 110 Yuea Mo : 031
Wns 08 -

S3T1OIH3IA HONNV']

5657



L0¢g 3abed ‘sonneuowso) jo eipadojoAoug

61 abed ‘gge 1L ‘g1 1aqojaQ
‘ABojouydaj asedg 3 399 uoljeiny

HWan/ voc N -
(91 012°886°L) NW v2t°L X g = Isnuyg
saulbus g5z-ay xis -
(a) ebeys 1sa1y4 -

HWAanN/ Yoc N -

(a1 2v5°6€S) NW 90 X p = 1snay .
(uonsnquoo pabe)s) souibus ino4 .

() abeys puodes .

(a1 vb2°9)
N 0€ = I1Sniyl e Yym |0J1U09 10}908A

Isniyi 10} (a194Ad uado) sequieyo Jno4 .

(a1 S88°YEL) NW 90 = 1snay]
abeys puz ay; se swes auibua auQ »

(g) ebeis payy -

BUIS0IAN/XOT *

(91 £96°8L) N SE"p8 = 15nay]
(uonsnquos pabe)s) auibua auQ .

(v) abeig yunoy .
¢L-1S
aydoune] adedg uojoid
19IN0S

-}9H

uorsIAg suAprendoy

- {7 ] JeuoRewalu] [|eMN0Y 'A‘

woeeLe

kK]

5 w e'py
uoissiw
weeyi Aieuopeisoay) z-z -
UOISSIW SIe - 9°'p »
UOISSIW SNUBA - £°G »
UoISSIW JeunT - 7°G »
lqio
yue3-wx 002 - 002 »

L
« (1) speojhed -

3>l

) -g—

568



ﬁxﬂ
e 91 ¥ ZL OL 8

098'El =
@—NNOZ ‘poads [euof1e10) WNWIXeN -
eisd 269'S ‘asnssoid
eBieyosip dund YOCN wnwixew -
dund aujqIN) UOIOE3S MOYj-|ejxe
oAeA Yomoikd 5  Anue ow_nzou E_,v mmo__u%_s_
; .
sequieyd dung JeBnjLued 8311 UM Heus SjbulS
oNmA eujqun ulds -9
yososhd aujq4nl MOjj-eixy - S
4 s  — { ¢ jon4 (aBpiaued uids
dung Mde dwnd ‘xne) ebueyy Bupunow - v
oed 200°'S ] OAJBA Jounqgald - €
wsd 2612 9 yoeoihd (YOCN) duind -2
zerzd ! fe- sozpreo | (HWan) duind -
L J
ae undier §  deouog uBjseq - 1 UOISIOA £52-OH
JR— g 10wenBey qr_
lll-iw-ollloi C einsseld
salary J—
- DL e WO 20 PR S Piojiusy 89O
.-l..dl“h. S o s o (2dW £=dY) ,oysieuen S99 o PYYCTN
- o wind £96°T yosoahd

sed 08Y'E
10)snquio) oA waoild

anpewayds auibuz £62-ad

UOISIAIQ BUAPISNIOH

jeuonewa | ||3MHO0Y '4‘

gy =Jw e
HWAN/YON seyedoid -

eisd o8y’ = eanssaud joqu) -

Ho vOPL = sumeiodwa) 1dju -
(159) %SZ = Aduedyje eulqny -

: oGE' L = Ojjes einssald *
dy og1'sz ‘nchno aujauny -
oBe)s-z s| dwnd ‘HNGN ‘19N *
o0z = wybem c:_u:omo 9%«

ql 16S = WDI9M -

569



ENERGIA Views

56 m
60 m

40 m .

38 m

Booster Pod

Core

‘l‘ Rockwell Intemational

Rocketdyne Division
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Glasnost Provides News of ENERGIA

Significant news articles with photographs have been released concerning ENERGIA including
substantlal quotes from Alexander Duneyev (Glavcosmos head) & B. Gubanov (Chief
Designer-ENERGIA). Additlonally, a video was shown on Soviet television recently concerning
the background of technology & Initial launch of ENERGIA & of the promotion video of Cape
York usage for the SL-16 (Zenith). Unclassified information was collected from the public
domain & used to generate this briefing. The following sources were used:

e Aviation Week & Space Technology

Soviet Aerospace ‘

Compendium of Global Launch Vehicles (Rockwell STS Division)

Data Base - International Space Launchers

Flight International ’

Defense Dally

Janes Defense Weekly; Janes Intelligence Review

Teledyne Brown Engineering - Soviet Year in Space (1986, 1987, 1988, 1989)
Space Magazine

The Development of Rocket Engineering & Cosmonautics in the USSR,
V. Glushko, 1987

Moscow Pravda articles

Soviet video - “ENERGIA Is Off”

Soviet video - “Soviet Zenith launcher (Cape York)”

Paris Alr Show display, 1989

Soviet Military Power 1988, 1989

Alr & Cosmos

Space markets

40th Congress of the IAF (ENERGIA; B. Gubanov)

Chamber Pressure Trends in Rocket Engines

- p I IIIIE sy, n D.1 70

4,000 /O x ”’r,,/ (ENERGIA
%92 erosene Booster

s Sterstsieirs s’ / )

° 3,°m - ///”’”’”’”’o, I“ [ ]
° A4 %, |“ AC
§ £ sronom |||l““”””” e
: i ...,
.g 2,000 ““””” Z{gz’,ﬁa}
6 / ///I/,,,””””’”/ l l l '
432/Kerosen% RD-216 ””“
bttty g g0 7 P ., //1111111,,,’// ””
1,000 |- 4/ IIB 1 RS-27
e

1960 1970 1980
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Projected Soviet Space Launch Capability

Almost Double the Estimated Requirement by 2005

Projected Soviet Space Estimated Sovlet Space
Launch Capabliities Launch Requirements
2 2
1.5} 15
[} [.]
£ Heavy-Lift g
g 2
; 1 i; 1 Deep Space
o Orbiter - Satellites
[
2 K]
= =
= =
0.5 0.5
Expendable Manned and Weapons
( < 20,000 kg)
S ——
Low Earth Orbit Satelletes
0 | I ! 0 | ! |
1987 1990 1995 2000 2005 1987 1990 1995 2000 2005
Year Year

Comparison of United States and Soviet
Weight to Orbit Profiles

2 ;
Actual Projected !
. Soviet \d
. Capability
: !
1.5 : '

; !
: P 4

Millians | /7

of 1 .

kilograms . ' Estimated
Y | Soviet
! Requirement
4 )
'

0.5 3 Currently Identified
U.S. Needs
s W A W
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. @  Funded Capabilities®

1955 1965 1975 1985 1995 2005
Year

*Does not include the proposed Advanced Launch System

’l‘ Rockwell Internattonal
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ENERGIA — A New Versatile Rocket
Space Transportation System

(40th IAF Congress, October 1989,
B.l. Gubanov, Glavcosmos, Moscow, USSR)

o Soviet Soyuz opened unmanned & manned space flight era
e Soviet Proton launcher enabled orbiting space statlons, vehicles for lunar/planetary
study, & means of earth exploration from space
o Soviet VRST system opens new phase of space commercialization
® EIEtRGIA side-mounted payload allowed Independent development of launcher &
orbiter
o First stage (booster) has four rocket modules (O2/kerosene); modules are
transported to cosmodrome from manufacturing plant by rallway; each moduie Is
one rocket engine
e Second stage (core) has four rocket engines (O,/H,); core propulsion systems
delivered to cosmodrome from manufacturing plant by airplane
® ENERGIA has payload versatility
o Two booster modules
¢ One core moduie } 65 tonne PL
e Four booster modules } 100 tonne PL
¢ One core moduie
o Eight mod booster modules} 200 tonne PL
¢ One core module
o ENERGIA features reliability & vitality (life)
¢ Key system redundancy exists
e Turbogenerator power supplies to core {quadrupled)
» Booster stage batteries (doubled)

ENERGIA — A New Versatile Rocket
Space Transportation System

(40th IAF Congress, October 1989,
B.l. Gubanoy, Glavcosmos, Moscow, USSR)

e ENERGIA development united > 1,200 design offices, institutes, plants,
assembly organizations, & academies
® 360 test stands/experimental facilities used including
¢ 100 aerodynamic models
» Booster & core engine test stands
o Module hot fire test in-vehicle capability
o 10:1 scale-down model of ENERGIA-Buran for launch load study
® 7,000 complex tests & tens of thousands of supporting tests conducted
o More than 100 0,/H; engines manufactured
¢ More than 600 engine tests In development (120,000 test-s)
o Demonstration of 6-7 flight lives
e About 200 O,/kerosene engines manufactured
o More than 600 engine tests In development
o Demonstration of 6-10 flight lives
Supporting pnemo-hydraulic plumbing Included 30,000 tests
Launcher control system 65,000 tests
Eight tests of full-scale booster modules & two tests of core modules
successful
o Eight full-scale VRST systems produced (five ENERGIA & three ENERGIA-
Buran complexes)

‘l‘ Rockwell Intermational
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ENERGIA — A New Versatile Rocket
Space Transportation System

(40th IAF Congress, October 1989,
B.l. Gubanov, Glavcosmos, Moscow, USSR)

e ENERGIA development Included new high strength steels, aluminum, &
titanium alloys (representing 75% of dry weight)

e The ENERGIA Is a heavy lift launcher that will allow delivery of Martian solil
to earth & to subsequently perform manned Mars expeditions

e ENERGIA future projections
« Growth by O,/H, booster stage development
o For 18 tonne GEO
« For 32 tonne translunar
« For 28 tonne Mars
o A new cargo propulsion system (100 kN thrust, 490 s specific
Impulse for 5.5 dia stage)
o Small transport module development (based on existing launcher) for
space station placement to 1,000 km
o An existing cargo propulsion system (O,/kerosene; possibly
Proton Stage IV engine; 85 kN thrust, 350 s specific impuise)

» Special cargo module development (5.5 in. x 37 In.)
« New side-mounted universal cargo container
o General capabilities improvement; economics; reusability aspects

o Possible new booster propulsion

Soviet SL-17 (ENERGIA) Booster Propulsion

Component Orientation

o The centrally located TPA is a single shaft assembly with
high pressure fuel pump on the bottom, high pressure
oxygen pump in the middie & turbine on top

« 1989 Paris Air Show display photographs indicate low
pressure kerosene inlet (“angle”), low pressure oxygen
inlet (“vertical”’), preburners (“horizontal’), & four

regeneratively cooled (fuel) TCAs.

o Each TCA is two-plane hinged for booster control,
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Soviet ENERGIA Booster Propulsion Display

Paris Air Show - 1989
RD-170 Placard

« Le propulseur est installe au premier The rocket Is installed in the first

etage de la fusee “ENERGUYA” stage of the “ENERGIA”

» Poussee au sol - 740 ts Thrust in atmosphere -
(metric tons) 1,631,404 Ib

» Poussee dans le vide - 806 ts Thrust in space -
(metric tons) 1,776,908 Ib

« Impulsion specifique au sol - Specific impulse in atmosphere -
308 s 308 s

« Impulsion specifique dans le vide - Specific impulse in space -
336 s 336 s

« Pression dans la chambre de Combustion chamber pressure
combustion - 250 kgs/cm2 (3,556 psi)

« Comburant: Oxygene Oxidizer: Oxygen

«» Propergol: Kerozene Fuel: Kerosene

Soviet SL-17 (ENERGIA) Booster Propulsion

e Glushko Design Bureau has developed world’s highest thrust & specific
Impulse 02/Kerosene engine

» FSL 1,631,420 Ib o« ISSL 308s « Pc 3,556 psi
o FV 1,776,928 Ib « ISV 336s « MR 258
o This engine (RD-170) Is recognized as a propulsion module & consists

of 1 turbopump assembly driven by 2 preburners which feed 4 thrust
chamber assemblies

« Staged combustion o Single shaft TPA . System includes
power cycle centrally located low pressure
in booster pod pumps

o The RD-170 engine has flown 29 times

« Twenty-one as SL-16 (ZENITH) » Eight as SL-17 (ENERGIA)
booster since 1985 booster since 1987 (2 flights,
(21 flights, 1 podfiauncher) 4 pods/launcher

‘l‘ Rockwelt internationst
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Design Comments on RD-170 Photographs
(R. Saxelby, D. Southwick)

¢ Selected notes as of 25 July 1989
« Fuel cooled nozzie & MCC
» Fuel inlet is the one with flat cover. *BW-16, *BW-13

o It is possible that only the upper half of nozzle is cooled (one pass
cooling) *BW-10; others are. shown on schematic

» All of the chamber coolant goes directly to the injector/MCC. None (or
very little) leaves the cooling circuit to go to the preburmer *BW-12

» Low pressure fuel boost pump. The pump is liquid driven *BW-1 6, -17.
This is based on the fact that the turbine manifold is small & there isn't
a turbine gas outlet

« Low pressure liquid oxygen boost pump. Manifold *BW-3 shows the
manifold feeding a turbine. The mirror view *BW-11, shows one of the
feed lines that supply the manifold. A liquid oxygen driver is suggested
since there isn’t a turbine gas outlet

« Single turbine/single shaft. No visual evidence of gearbox and/or more
than one turbine (turbine could be multiple stages)

*BW = from B. Waldman photographs

Design Comments on RD-170 Photographs
(R. Saxelby, D. Southwick)

o Selected notes as of 25 July 1989 (continued)

« High pressure fuel turbopump is located at the bottom of the central unit
*BW-16. HP fuel pump inlet Is indicated in *BW-12. Main HP outlet goes
to top of engines & splits into four pipes - each of which supplies a thrust
chamber with coolant. Two smaller tubes leave HP fuel pump *BW-8.
There might even be a high pressure fuel kick pump at the very bottom
where the two just mentioned smaller tubes leave. Although it cannot be
positively shown, it Is believed that one line drives LP boost pump & one
line goes to the preburners

« High pressure OX pump is near middie of central unit *BW-2, -3, -19,
*BW-15. The outlet of the pump goes to the two preburners *BW-8, -18

« Turbine Is on top of central unit. The turbine exhaust goes directly into the
top of each thrust chamber. The inlet to the turbine comes from the
straight section of the preburner *BW-15, -18, *BW-6, -4

» Oxidizer rich preburner. All (or very much) of OX goes into preburner
*BW-8
o LOX pump seal possibly drains back into HP pump inlet. *BW-6, *BW-15
O\ Foctwei otermatons "BW = from B. Waldman photographs
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Soviet RD-170 Progulsion System Schematic Diagram

(Based on 1989 Paris Air Show Display Photos)
Lsx FUEL
LP LP
OoX Fuel
Pump ‘1 Pump ‘.I
\ LoxFuel Y
Turbine HP HP Fuel
oX Fuel | Kick
Pump Pump | Pump
! r‘“ L_l
OX-Rich| | OX-Rich rv<1
Preburn Preburn
y £ 4 4
| | ™
To Other <€— Oxidizer-Rich Turbine Exhaust
Three
Chambers
Fuel Inlet
A —» To Other
Three
2 Chambers
Fue! Inlet
» Ox-Rich Turbine
Soviet RD-170 Exhaust J
Propulsion System 4

Schematic Diagram
(Based on 198
Paris Air Show Display Photos)

q‘ Rockwell International
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Soviet RD-170 Propulsion System Schematic Diagram

(Preliminary Data: WPAFB-FTD 25 July 89)

- - P 4 -
Low
Pressure (o]
Oxidizer ‘ Preburner
Pump
‘ * * To Second
Preburner

High Pressure

Oxidizer Pump ~—

—

il;

—p

High Pressure
Fuel Pump

’l‘ Rochwell Intarnational
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o Baseline data

ENERGIA Booster Engine
Power Balance Analysis by Rocketdyne

e O;/kerosene propellants
e MR=247 P = 3556 psi

o F,, =408 kib/chamber

ol =308 s (¢ = 40)

o From Soviet text translations (Ovsyannikov & Borovskly)

¢ Staged combustion cycle favored for high P,

e Oxidizer-rich preburners favored

e Turbine pressure ratio = 1.3
o Maximum turbine

for oxidizer rich
e RD-170 simulation

o Advanced heat transfer
o Fuel-rich & oxidizer-rich preburners can
o Within temperature limits

(if fuel is not H,)
- 1.8 for staged combustion
inlet temperatures = 2160°R for fuel rich; 1440°R

meet 3,600 psia P,

e Requires kick pump stages and/or boost pumps

o With or without boost pumps

$Pyac

Turbine pressure ratio ~2.0
Pump APs ~12,000

Psl — 3000 psi
= 339 with 7¢* = 0.96
It Is noted fuel-rich preburners would tend to

(oxidizer-rich preburners would not)

Mixed preburners can exceed 3,600 psia R.
o Within temperature limits

plug main injector

RD-170 Turbopump Configurations Evaluated
to Yield 3,600 psia P.

Required
Turbine Inlet
Pre- Main Pump Stages|Kick Pump Stages! Boost Pumps| Temperature
Case | burner |Shafts Fuel |Oxidizer Fuel | Oxidizer | Fuel Oxidizer (°R)
1 FR 1 2 2 0 0 0 0 2390
2 FR 1 2 1 1 1 0 0 2130 »
3 OR 1 3 2 0 0 0 0 1760
4 OR 1 1 2 1 0 0 0 1680
5 OR 1 1 2 2 0 0 0 1540
6 OR 1 1 2 2 0 1 1 1440 »
7 Mixed | 2 2 2 0 0 0 0 1840/1440 (F/0)
8 Mixed | 2 2 2 0 0 1 1 1750/1250 (F/0)

» Acceptable

‘l‘ Rockwell International
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Rocketdyne Power Balance Analysis Conclusions for
RD-170 Engine

« ENERGIA booster engine must be staged combustion to
obtaln 308 sec lp at 3,556 psi R

« Oxidizer-rich preburner avoids injector plugging
« Fuel kick pump helps maximize energy utilization

« Boost pumps help obtain high pump 77 at low tank
pressures

« Power balance analysis doesn’t answer 1 vs 4 tip set/pod
question; but Paris Air Show 1989 display does!

Heat Transfer Considerations - RD-170 Booster Engine

e Severe engine operating conditions
e Regenerative cooled construction
e Candidate coolants

e LO2

¢ LH2 (from core engine)

e Kerosene

¢ Methods for reducing heat flux & pressure
drop losses

e Ceramic coatings
e Fuel-rich outer zone (carbon layer)

¢ Silicon oil additive
‘l Rockwell International
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RD-170 Propulsion System Cooling Feasibility Verified

o Pc = 3,556 psla
e Oz/kerosene (MR = 2.47)
o Nozzle 40:1

{Heat transter analysis)

® e o o

Advanced heat transfer analysis applied
Data base from NAS8-3657
Modeled smali throat radius ratio SSME geometry

NARloy-Z chamber with milled, finned channels &
electroformed closeout

o Peak g/a at 70 Btu/in2-8 (€¢ = 2.66,€¢ = 5)

e 430 channel design (0.035 in. width x 0.130 In.

depth)

[Kerosene as regenerative coolant]

¢ Coking Himit 1200°R
(high fuel velocity < 500 ft/s)

¢ Hot gas wali limit 1600°R (Cu-alloy)
¢ Bulk coolant limit 900°R

o Fuel pump discharge pressure < 12,000 psi

[Channel Geometry]

£

Hot Gas Side *
:oz}\}%%\\\\\\\\\\\\\\\\q-?s
Y b
i % i
A

DA

4

Coatings, fuel-rich bias injection, & silicon oll
additive also considered

e Kerosene as coolant

Closecut Sectlon

RD-170 Cooling Feasibility Throat

Parameters Comparison
(Finned Channel Construction)

w,
C
Q/A" %hg* Twg* | Twe* (#/8) AP ATe ve*
Case | (B/in.2-s) (B/In.2-3.F) CF) | R | 654% | wn2) | (°F) (#'s)
1 75.6 100 1205 | 798 250 2,320 219 409
2 69.1 90 126 | 755 250 2,319 202 408
3 62.4 80 1035 | 711 250 2,318 184 408
@ 55.5 70 960 | 664 250 2,320 166 407
o Kerosene as coolant plus coating e Kerosene as coolant pius film cooling
Coating %w %W .
Case (in.) %hg* hg* Case oW, Wo %hg
0 0 100 0.151 1 0 | 0 100
1 0.001 87.9 0.01327 2 5 | a9 85
2 0.002 78.9 0.01191 ® 10 | 298 70
@ 0.003 7.5 0.0108 4 15 4.48 60
4 0.004 65.4 0.00988 5 20 5.97 50
) 25 7.46 40

* Rockwell International

‘K = § Btu/hrtt*F
Nicraly-Zirconla Mix
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ENERGIA Core Propulsion Performance Profile
(Oo/H4 Specific Impulse As A Function of Chamber Pressure & Area Ratio)

CHAMBER PRESSURE. MEGAPASCAL
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Soviet ENERGIA 02/H2 Core Engine

Design Comments
(Based on WPAFB-FTD Photographs)

e Most likely power cycle is staged combustion
(performance basis)

e Single preburner or top of maln combustor drives both
pumps .

e Nozzle has full external structural jacket with hatbands
on lower 2/3 only. The half-round, closer spaced
hatbands are insulated; less costly, but less efficlent
than the square hatbands. (Spot welds Indicate thick
Jacket)

e Nozzle cooling via single up-pass (two inlets at nozzle
exit) followed by dump cooling at forward end with low-
pressure coolant (supports high operating mixture ratlo
& double wall design). Nozzle inside surface Is smooth
(nontubular construction).

e Heat shield support structure with drain/feedline
penetrations is continuous ring with webbed load ribs

Soviet ENERGIA O2/H2 Core Engine

Design Comments
(Based on WPAFB-FTD Photographs)

e Drain lines run parallel for nozzle coolant feedlines
(angled to accommodate thermal movement). Two lines
are insulated (possibly hydraulic 0:1). Numerous lines
indicates multiple turbopumps involved in power pack

o Considerable use of insulation on components/ducting.
Brown (polyurethane) & white (sealant) are wrapped/
sprayed on

o Small white canister shapes may be SPGG units or
electromechanical actuator or motors for preburner or
coolant valves

e Shaped cylinder could be for POGO suppressor, or
pressure bottle for inert gas for turbopump

m Rockwetl Internetions!
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ENERGIA Mission Growth Capability
Via Cargo Container Propulsion

16.5m—>]

to éSm long. With the EUS alone, a 23.5m payload can be sent to GEO, lunar libration points or lunar

orbit. With both upper-stage motors (right) a 19.5m payload can be accomodated, primarily for planetary
orbit or lander missions. Maximum cargo weight (including upper stages) is 93t. Maximum payload dia
in all cases is 5.5m. Gross lift-off mass is given as 2,400 tonnes. (All drawings: courtesy of

Glavkosmos/Space Commerce Corp joint venture) Ref: Space Markets 1/1990

ENERGIA Cargo Module Propulsion
(Space Markets, 1/90; Credit Glavkosmos/Space Commerce Corp.)
ENERGIA's Next Stage, P.S. Clark

55m

Payload Payload Payload
Compartment Compartment c or'npar tment
Cargo
container
3 Retro &
3 Correction
Stage
1] 0 ENERGIA
Retro & | ENERGIA ~ Upper
Stage
" Correction Upper Stage g
Stage

Truss
Thrust Frame
©3.7m— | Truss 3
<]  Thrust Frame LOX Tank
| LOX Tank *RCS
* Retro & correction stage
: Refrigeration 02 /kerosene propeilants
% Coils + Propulsion could be LMz Tank
Proton Block D/OM 4th E
stage S
Kerosene Tank ©
« For PL to LEO & AS n
Auxiliary interorbit tug to 1,500 km
Propulsion
Engines Auxlliary
Propulsion \w
Engines
RCS EUS “EUs
Dry mass, tonnes Approximately 2 Approximately 71 + ENERGIA upper stage
Maximum useful propetlant mass (tonnes) 15 70 02 7 propeliants
Main engine maximum vacuum thrust (kN) | gg 1002 « For PL 1o high orbh;
Main englne specific impuise (s) Approximately 3523 | Approximately 490% geostat & '
Maximum number of engine starts 7 10 transplanetary
Maximum engine operating life in space 2yr 4 days
+ Notes: 1Estimate (see text); 2 Engine can be throttled back to 75kN
3 Figure derived from apparently similar Proton DM stage;
4 Figure estimated from performance requirements

Ref: Space Markets, January 1990

‘l‘ Rockwell Internattonal
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PRESENTATION 1.5.3

EUROPEAN AND OTHER TECHNOLOGY
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